The citation distribution of a researcher shows the impact of their production and determines the success of their scientific career. However, its application in scientific evaluation is difficult due to the bi-dimensional character of the distribution. Some 
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Introduction
There exists a general consensus among researchers about journal articles which are the most direct results of research, especially when journals with a selective process that guarantees quality and originality are considered. Although expert opinion is believed to be the most appropriate method of valuing the contribution of an article to a specific field of knowledge, this system presents some limitations, such as the subjective character and its high cost. In this context, bibliometric indexes represent objective evidences that can be used to complement expert opinion.
It is known that some works of limited success are published by the best journals, and some works of great success are published in journals that are not top ranked according to the impact factor. Therefore, there is some rejection to evaluating the impact of a work by the impact factor of the publishing journal. articles with less than h citations. A correlation between the h-index and the success of a researcher appreciated by his peers has been obtained [HIRSCH, 2005] , and the future success of a researcher could be predicted by this value [HIRSCH, 2007] .
The h-index has been extensively studied (see reviews by BORNMANN & DANIEL [2007] ; ALONSO ET In this work, a complement to the h-index that increases the consistency of the indicator and favors selective authors against large producers is presented. This approach also increases the accuracy of the h-index giving information about the shape of the citation distribution. The main difference with respect to the variants which have been proposed
and e-index) is that all of them are a function of all citations included in a core of most cited papers. By contrast, we establish an upper limit to the maximum number of citations considered for each publication in order to reduce the effect that isolated successes and/or large collaborations may have on the final result (as was pointed out by Hirsh). This upper limit can be modified without further changing the radius of the central index.
Central indexes
Given the published articles of an author in decreasing order of citations, let i c be the number of citations received by the publication i Graphically, the integer part of the intersection point between citation curve and the first quadrant bisector is h. This is indicated in Figure 1 . An example with the citation curves of two researchers is shown in Figure 1 . The first researcher presents higher citation levels at the beginning and lower levels at the end of the curve. Therefore, two different profiles of researchers are appreciated, one more selective and another more massive in the production of papers. However, both scientists have the same h-index. A researcher may present less h-index than another, although it does not necessarily indicate the former presents a less successful career than the latter. The problem of discriminating between two distributions with similar hindex but significantly different distribution tail ratios is presented in Figure 1 . As can be appreciated, the higher the rate between tails is presented, the better average citations per article is obtained.
In the above cases, it seems reasonable to measure part of U and L in order to complement the h-index with the area around H. Thus, the discrimination capacity is increased. This idea allows us to introduce the following index.
Central area index
Let E (F) be the upper (lower) area next to H, that is, the part of the upper tail U (lower tail L) in the citation distribution closest to H. The lower area corresponds to those articles that will likely contribute to increasing the value of h in the future, since they are closer to the Hirsch core. The upper area includes those citations that will form part of H at the time the h-index increases its value. Therefore, it seems reasonable to include this area and increase, in this way, the discrimination capacity of the index.
The central area index of radius j is defined as the citations of the h+j most cited papers limited to the number of citations of paper h-j. That is, the citations of those papers in the Hirsch core, restricted by the citations of paper h-j, jointly with the citations of papers from h+1 to h+j. The geometrical representation is showed in Figure 2 .
The arithmetic definition of the index of radius j is the following:
includes the total upper tail U. Although the radius could be defined for j h  , in this case, it would only be adding part of the lower tail. that is, twice the number of represented citations.
Central interval index
The central interval index of radius j is defined as the aggregated citations of the articles from h-j to h+j: Lets now look at differences between both indexes for two authors with the same h, one more selective than the other. Increasing the radius in one unit and reducing the comparison to the upper tail, where differences exist, the central interval index adds to the selective author the height of the rectangle R, as shown Figure 3 . However, the central area index also adds to the selective author the area R. For this reason, the central area index is more beneficial for selective authors. As an author is more selective, the height of R increases and the area of R also increases in a greater proportion.
In the following section, an empirical application determines an optimal radius of the central indexes, obtaining the value of j that best describes the central shape of the citation distribution.
Empirical application
The The value 100 has been taken as maximum only for clarity. This plot allows us to observe the evolution of the h-index, and also to distinguish between selective and large producer researchers. As an example, McCain and Small show a more selective behavior than Egghe and Garfield, respectively.
Production-impact scatter plots are presented in Figure 5 . As shown, linear correlation between the number of articles and the number of citations exists. Authors located above the regression line show a more selective behavior than those below this line.
Thus, the more selective authors of the sample are Small and Garfield, respectively. A in the case of Ingwersen is greater than in the case of Vinkler, which estimates a higher future h-index; which also holds true (12 vs. 10) in Table 1 . The same conclusion can also be observed for a period of ten years. Although area indexes have been taken as reference, something similar occurs in the case of interval indexes. Now, as an example, lets consider a case where the discrimination capacity of the central indexes compared to the h-index is appreciated. Braun has 1999 h greater than Small. However, the central indexes from a certain radius are higher for the later author.
Attending to these indicators, the second author seems more selective, which is true according to total citations and the production-impact scatter plot.
Since the central index is an aggregation of citations, its representation with respect to the radius is an increasing function, as can be seen in Figure 6 . The first plot shows that McCain's area indexes are higher than those of Egghe, indicating the first author is more selective than the second. Something similar can be seen with the interval index in the second plot. Table 3 shows the linear correlation coefficients among indexes for 5 and 10 years.
Matrices of order 10 to ensure the correlation coefficient is calculated with more than half of the researchers (at least 9 out of 15) are shown. As can be seen, the area indexes correlations, the differences between correlations for central indexes are also shown in Table 3 . As can be seen, most of the elements of these matrices are positive, which means the correlations for the area index are greater than for the interval index (only 10 out of 165 items are negative).
Conclusions
The h-index is a bibliometric indicator that attempts to measure the success of a researcher with just a part of the total amount of publications and citations. Due to not considering all production and impact, this index corrects biases of mass collaborations and punctual successes, which may not be significant in the researcher's career as a whole. However, different citation distributions, like those of a selective researcher and a large producer, may cause similar h-indexes, and in these cases, it is not possible to distinguish between these researchers using the h-index exclusively.
In this paper two complements to the h-index, the area and the interval indexes, have been proposed with the aim of increasing the capacity of discrimination among researchers with similar h, and improving the prediction of future successes. These indicators consider some areas that are larger for selective authors than for large producers. Thus, a problem described in the literature about the h-index, which penalizes selective researchers compared to large producers, is corrected.
Both central indexes are good estimators and correlations are generally higher for the area index than for the interval index. Moreover, a radius that well describes the shape of the citation distribution has been estimated empirically. This radius is about half the average h-index of researchers being evaluated.
Finally, we would like to point out that the area index is not considered a substitute, but a complement to the h-index, especially in an evaluation process where doubts among researchers might exist.
Materials and Methods
The publications and citations for those scientists listed in Table 1 Example: Figure 1 . Two citation curves with the same h-index but different average citations per article. , for two citation curves with the same h-index. Table 1 . The production and impact of the researchers. Author  the first article 1999 2004 2009 1999 2004  2009  1999 2004 2009  1999 2004 2009  Braun, T  1958  135 152 170  1966 2498  3116  24  27  30  576  729  900  Egghe, L  1978  47  78  122  299  571  1277  10  12  18  100 Author  A1  A2  A3  A4  A5  A6  A7  A8  A9  A10  I1  I2  I3  I4  I5  I6  I7  I8  I9  I10  Braun, T  597 618  660  701  722  797  817  869  903  950  69  114  160  207  254  304  353  404  455  508  Egghe, L  109 134  142  168  175  185  194  218  231  -29  50  70  93  115  137  160  192  231  -Garfield, E  870 917  985 1197 1300 1379 1541 1694 1935 2086  88  147  208  277  350  425  504  590  690  798  Glänzel, W  237 275  298  330  341  352  369  384  398  411  45  77  108  141  173  205  237  269  302  336  Ingwersen, P  70  106  155  166  211  230  ----25  46  77  110  163  230  ----Leydesdorff, L  97  112  119  136  155  161  171  179  --27  46  64  84  107  129  153  179  --McCain, KW  142 171  204  218  225  240  264  286  301  320  34  59  85  110  135  160  189  224  264  320  Moed, HF  167 186  221  228  249  267  283  293  297  315  37  60  85  109  135  162  191  221  249  284  Rousseau, R  53  63  69  80  88  -----21  36  51  68  88  -----Schubert, A  223 248  282  324  336  355  372  388  403  428  43  72  102  135  168  201  234  268  303  341  Small, H  543 581  688  806  869  944  987 1066 1164 1187  68  113  161  214  269  328  389  454  526  597  Van-Raan, AFJ 182 194  226  255  265  274  283  302  315  335  39  64  91  119  146  172  198  226  255 84  139  194  249  304  358  413  470  526  584  Ingwersen, P  301 342  394  417  504  523  577  586  649  733  49  82  118  153  194  235  281  327  379  443  Leydesdorff, L  461 557  577  611  627  703  732  760  785  798  62  107  152  195  237  283  329  376  422  468  McCain, KW  404 420  450  479  528  616  637  693  711  769  59  98  138  179  220  266  313  365  417  475  Moed, HF  548 609  629  703  791  827  876  892  919  969  68  115  161  210  263  317  372  424  475  529  Rousseau, R  438 456  491  508  540  570  586  614  630  666  60  99  139  178  218  258  298  339  380  423  Schubert, A  623 647  712  734  755  793  813  833  868  901  73  122  172  221  269  317  365  413  462  511  Small, H  675 721  853  917  959 1132 1170 1309 1456 1502  77  127  181  237  294  358  422  493  571  648  Van-Raan, AFJ 648 671  715  758  856  896  934  955  990 1022  76  125  175  226  280  335  390  445  500  554  Vinkler, P  219 241  259  276  292  300  324  344  353  361  43  71  97  124  152  180  209  240  272  305  Vlachy, J  153 173  190  199  225  238  254  270  281  299  36  61  85  109  135  162  191  222  255  299  Zitt, M  137 161  169  193  204  221  230  237  261  -33  56  79  103  128  155  182  211 Table 3 . Indexes correlations. A2  A3  A4  A5  A6  A7  A8  A9  A10  I1  I2  I3  I4  I5  I6  I7  I8  I9  I10  A1  0,986  I1  0, A3  A4  A5  A6  A7  A8  A9  A10  I1  I2  I3  I4  I5  I6  I7  I8  I9  I10  A1  0, A1  A2  A3  A4  A5  A6  A7  A8  A9  A10  I1  I2  I3  I4  I5  I6  I7  I8  I9  I10  A1  0,872  I1  0, 
Figure 2. Central area index (a) and central interval index (b) of radius
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